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BOTANICAL OPPORTUNITY. 1 

William Trelease. 

In selecting a subject for the first presidential address before 
the Botanical Society of America, which you have done me the 
honor of requiring of me, I have deviated somewhat from the 
customary lines of such addresses, inasmuch as I have not 
attempted to present an abstract of recent general progress in 
botany, nor any results of my own investigation. Such topics, 
indeed, are more likely than the one I have chosen to interest an 
assemblage of specialists like this society ; but as the society is 
supposed to have as a principal object the promotion of research, 
the present has seemed a fitting occasion to address, through the 
society, the large and growing number of young botanists who 
may be expected to look to this society for a certain amount of 
help and inspiration in the upbuilding of their own scientific 
careers : hence it comes that I have selected as my subject 
" Opportunity." 

Let us for a moment compare the conditions under which 
scientific work is done today with those prevalent in the past. 
From a purely utilitarian, and, for a time, perhaps almost instinc- 
tive knowledge of plants and their properties, beginning, it may 
be, before our race can be said to have had a history, through 

■ Address of the retiring president, delivered before the Botanical Society of 
America, at Buffalo, N. Y., Aug. 21, 1896. 
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the pedantry of the Middle Ages with their ponderous tomes, 
botany, almost within our own memory, stands as the scientific 
diversion or pastime of men whose serious business in life was of 
a very different nature. Such training as the earlier botanists 
had was obtained as being primarily useful in other pursuits than 
pure research, though there is abundant evidence that the master 
often enjoined upon the pupil the possibilities of botanical 
study, and no doubt he stretched the limits of botanical instruc- 
tion deemed necessary, just as is done today in technical schools, 
in the hope that the surplus might be so used as to increase the 
general store of knowledge ; but, at best, training was limited, 
and research was recreation and relaxation. 

But our predecessors, even the generation immediately before 
us, lived under conditions which made it possible for a man to 
hold high place in the business or professional world, to accu- 
mulate wealth in commerce, and at the same time to devote much 
time to the study of nature. Today the man who is not entirely 
a business man is better out of business, and, with a few excep- 
tions, the man who is not entirely a student is little better than a 
dilettante in science. Concentration is the order of the day, and 
specialization is the lot of most men. But specialization, the 
keynote of progressive evolution, is always intimately associated 
with a division of labor. Fortunately, the men who enter and 
win in the great game of commerce and manufacture see in a 
more or less clear way that nearly every great manufacturing or 
commercial advance has grown out of a succession of obscure 
discoveries made by the devotee to pure science, often consid- 
ered by him, indeed, only as so many more words deciphered in 
the great and mysterious unread book of nature, but sooner or 
later adapted and applied for the benefit of all men by the shrewd 
mind of a master in the art of money-making. To these men, 
successful in business, we owe it that today not only are some 
men able to devote their entire time to scientific research and the 
propagation of knowledge, but that their work is done under 
favorable conditions, and with a wealth of aids and adjuncts that 
would hardly have been thought of a generation ago. 



1896] BOTANICAL OPPORTUNITY 195 

Instead of a smatteringof systematic botany and organography, 
given as an adjunct in chemistry, medicine, or engineering, the 
student who wishes may today equip himself for a life of research 
in botany, by a considerable amount of preparatory work in the 
lower schools, beginning, perhaps, even in the kindergarten, and 
by devoting the larger part of his undergraduate time in college 
to the elements of the subject in the broadest and, if he wish, 
technical scope, having the benefit of marvelously detailed appli- 
ances and a broad knowledge of general facts. If he can and will 
work for a higher university degree, thus equipped, he may delve 
into the depths of the most limited specialty, guided for a time 
by those who have already broken soil there, and left at last with 
a rich and unexplored vein for his own elaboration. With this 
training, if he be fortunate in securing a position offering oppor- 
tunity for research, or if he enjoy independent means, he may 
hope for a lifetime of more or less uninterrupted opportunity for 
unearthing the wealth of discovery that lies just within his 
reach. 

Considering the prevalent conditions, my subject naturally 
divides itself into two quite distinct parts : the opportunity of 
institutions and of individuals. We stand today, apparently, at 
a transition point. Most of the active workers of the present 
time are college professors who have done the research work 
that has made their names known, during the leisure that could 
be found in the year's routine of instruction or during their long 
vacations, and with facilities nominally secured for class use, or, 
in many instances, like those of a generation ago, the private 
property of the investigator. Even when appreciated at some- 
thing like its true value, their original work, for the most part, 
has been closely watched to prevent it from encroaching upon 
the first duty, class work ; and in most cases the facilities that 
they have been able to bring together are in direct proportion to 
the number of students attracted to their departments, and there- 
fore in inverse ratio to their own leisure for research. But, as 
I have already stated, the feeling is growing among men able to 
foster such enterprises, that research is a thing worthy of being 
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promoted, and we have before our eyes the spectacle of a gradu- 
ally unfolding class of institutions in which investigation is not 
only tolerated but expected, either as an adjunct to instruction, 
as in the greater number of colleges, as a concomitant of educa- 
tional displays, as in botanical museums and gardens, or, at least 
nominally, as a basis for technical or economic research, as in 
several of the larger drug houses, and, notably, in various agri- 
cultural experiment stations and the national Department of 
Agriculture. Perhaps the time has not yet come when labora- 
tories of botanical research can stand out quite alone and justify 
their existence without reference to other ends, the utility of 
which is more generally understood and conceded, but it seems 
safe to predict that the next decade will see their complete evolu- 
tion. 

Opportunity for institutions lies primarily in equipment, 
and secondarily in its use. The problem of equipment for 
research is a complicated and difficult one. So long as there 
were no laboratories especially designed for this purpose, it was 
natural that the instructional laboratory should be furnished with 
appliances for demonstration, and that these should be amplified 
as far as possible, for the repetition of experiments, in the first 
place, and afterwards for their extension ; and it is no doubt true 
that a number of the smaller educational laboratories are today 
over-equipped when account is taken of the possible use to which 
they can be put. With a specialization such as we now see in 
progress, it may be questioned whether the ordinary collegiate 
equipment cannot be reduced in scope in many instances, with 
benefit to the institution, by releasing money often badly needed 
in other directions, either in the same or different departments. 
On the other hand, it is certain that the equipment of the broader 
research laboratories, whether connected with universities or 
independent, must be made much more comprehensive than any 
which today exists in this country. 

Under the stimulus of the last two decades, botany has come 
to the front in most colleges as a study well calculated to develop 
the powers of observation and the reasoning faculties. Where 
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it still occupies the place of a fixed study of a few terms' dura- 
tion in a prescribed undergraduate course, it is evident that the 
necessary equipment of a department is expressible in the 
simplest terms : for each course, that which is needed to 
exemplify by the most direct object lessons the subject selected, 
and enough general and collateral material and literature to 
complement the work. But the case is somewhat different 
when, as is now frequent, a considerable option is allowed the 
student in the courses taken for the baccalaureate degree. Here 
the temptation exists to secure equipment for the broadest pos- 
sible series of electives, and it is too often yielded to for the best 
interests of the institution. However liberal one may be in the 
matter of electives, it is evident, in most instances, that the 
student cannot afford to devote more than about one-half of his 
undergraduate time to a single study like botany, and in this time 
he can cover only a definite amount of ground. While there is a 
certain seductiveness in the perusal of long lists of electives in a 
college catalogue, the serious contemplation of them shows that 
few, if any, students can hope to take all of the courses of such a 
list, and as, for the most part, they are garnished out in an 
attractive form, there is likely to be embarrassment in the wealth 
of subjects, so that, if left to himself, the student is very likely 
to select a series of disconnected but pleasing fragments, rather 
than the proper links in an educational chain. Experience 
shows the wisdom of limiting the list of electives to those that 
there is reasonable probability that the student can take, and of 
making the list a consistent whole, fairly opening up the entire 
field of botany in such manner as to pave the way for a piece of 
advanced thesis work at the end, and for specialization after 
graduation. So far as undergraduate instruction is concerned, 
where, as is usually the case, funds are limited, it is here desira- 
ble, as in the other instance, to limit the scope of the depart- 
mental equipment quite closely to the requirements of the courses 
offered. As the senior thesis work is almost certain to be a 
further study of some one of the subjects already elected, the 
provision for it, in nearly every instance, is easily and quickly 
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effected by a comparatively inexpensive addition, in each case, 
to the standard library and laboratory equipment. Such research 
work as the head of the department and his assistants find time 
for, as well as such post-graduate work as may be under- 
taken, can then be provided for in the same manner, piece by 
piece, with the exception of the final touches, demanding the 
use of the largest reference libraries or collections, the provision 
for which is not likely to be far to seek in the stronger research 
centers within a very few years. 

Great herbaria, broad reference libraries, and large stores of 
apparatus and living or preserved material are possible only to 
few universities and to the still fewer institutions specially 
endowed for research, to which alone, indeed, they seem strictly 
appropriate. For the latter every shade of breadth of founda- 
tion is possible, from the laboratory and library limited to the 
narrowest specialty, to the institution founded and equipped 
for research in any branch of pure or applied botany. Fairly 
perfect equipment of the former class it is possible to find here 
and there, today, but though the seed is sown in several places, 
the broadest institutions, in their entirety, are still to be devel- 
oped. 

No doubt the first requisite in any such institution is a 
library of scope comparable with its own. Whatever may be 
said against the prevalent nomenclature discussions, it must be 
admitted that they are having the effect of bringing to the front 
the half-forgotten work of many of our predecessors, some of 
which, at least, is well worthy of resurrection, and incidentally 
this is stocking our larger libraries with a class of books which 
have confessedly been too much neglected of late. Without for 
a moment losing sight of the fact that botany is a study of one 
branch of nature, an object-study, we must recognize that its 
prosecution beyond the merest elements is not only greatly pro- 
moted by but almost dependent upon a knowledge of what has 
already been done. 

Where an institution is located in a literary or scientific 
center, closely associated with large general libraries, learned 
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bodies, and the like, it is usually relieved of the necessity for 
purchasing and keeping up the long files of such serial publica- 
tions as the journals, proceedings of societies, etc., of mixed 
contents, which prove expensive alike in cost, binding, and 
space, which for a given subject are used but seldom, and which, 
nevertheless, are the most valuable part of a large reference 
library, since they are the hardest to duplicate. But where a 
botanical- institution stands in absolute or comparative isolation, 
it must carry this burden in addition to that of maintaining a 
library of treatises on botany alone. And, moreover, no sooner 
is research begun in any direction, than the necessity of follow- 
ing up divergent threads running in many directions becomes 
evident ; for so close and complex are the interrelations between 
things in organic nature, that no single subject can be pursued 
far without drawing in others at first sight having no possible 
bearing on it. After the serials, which from their expensiveness 
can be possessed by only the larger libraries, stand undoubtedly 
the general classics in the several subdivisions of botany, followed 
by the more restricted memoirs, and among these, for con- 
venience of use, should be found, whenever possible, separates 
and reprints from the journals and series of proceedings, even 
when the latter are complete on the shelves. 

Next to books, material preserving records, or available for 
study, forms the great foundation in any research institution. A 
generation ago, or even less, this expression would have been 
taken as synonymous with an herbarium, perhaps associated with 
a garden of greater or less extent ; but today the most com- 
prehensive of museum possibilities must be added, so greatly has 
the subject broadened and increased the needs. For a broadly 
planned institution, with ample means, no doubt the scope of the 
herbarium should be as great as that of the library, comprising 
every group of plants, representing a wide range of geographical 
distribution, the effects of cultivation, etc., and, however limited 
they may be at first, such museum accessories as alcoholic 
material, large wood and fruit specimens, and sections for 
microscopic study are sure to accumulate quite as rapidly as 
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they can be cared for suitably, and to prove in time a very 
important part of the equipment. Though some of the best 
botanical work has been performed entirely in the herbarium, 
there has long been a growing conviction that for certain groups 
of plants, even for purposes of description and classification, 
field observation is absolutely necessary, while it is self-evident 
that for all studies of biology living material is essential. Side 
by side with the herbarium, then, and virtually as a part of the 
same general collection, stands the experimental garden, with 
the greenhouses and other appliances. 

While many of the most useful studies are made with but 
few aids beyond the library and collections referred to, there is 
a large class of subjects now being closely followed by some of 
the keenest investigators which demand a special instrumental 
equipment. However it may be with library and collections, 
there seems little doubt that as a rule apparatus should be 
obtained only as it is needed for direct use. Except for the 
rotting of the bindings observed in the libraries of manufactur- 
ing cities, and where illuminating gas is used, books, when once 
classified and indexed, are easily and cheaply kept in a usable 
condition. If a few simple rules are followed, herbarium mate- 
rial is also preserved safely for generations at a very small cost ; 
and even sections and specimens in fluid, if properly preserved 
in the first place, may be kept for many years without great 
deterioration. Instruments designed for research, as a general 
thing, represent a considerable sum of money, since, excepting 
microscopes, microtomes, and balances, they are rarely made in 
numbers allowing a great economy in the labor of manufac- 
ture. Each of them is also, unfortunately, with few exceptions, 
calculated for a restricted class of experiments and likely soon 
to be greatly modified. Apparatus, moreover, is usually of a 
delicacy of adjustment calling for the greatest care in handling 
it and the most perfect protection possible against rusting, etc., 
so that as a general thing a case of instruments ten years old is 
merelv a historical curiosity, in part entirely out of date and for 
the rest so badly out of order as to be nearly or quite useless. 
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Except for a few standard instruments, I think it is not gener- 
ally recognized that this part of the facilities, however costly 
it may be, should be regarded as transient, perishable material, 
rather than a permanent equipment. The history of the most 
successful physiological laboratories in which delicate appara- 
tus is chiefly used furthermore shows that the most important 
results, as a rule, are not obtained by the use of commercial 
instruments, but by simple apparatus designed by the investi- 
gator to meet the precise needs of the problem with which he 
is busied, and usually constructed by him or his laboratory 
mechanic at very little cost. 

Although it seems comparatively easy to decide on the 
proper limits of library, herbarium, and instrumental equipment 
for a given institution, knowing its scope, situation, and resources, 
it is very difficult to arrive at as satisfactory a conclusion 
concerning the extent of the research garden. As a general 
thing such gardens are also intended to be useful in college 
work, or to afford pleasure and instruction to the public, so that 
they are likely to be heterogeneous almost of necessity, and usu- 
ally they are made far too comprehensive. More than any 
other class of facilities, garden plants require constant and 
expensive attention if they are to be kept in useful condition ; 
and with all of the care that can be given them they are forever 
performing the most inexplicable and unexpected gyrations 
with their labels, so that the collections grown in botanical gar- 
dens (because of their variety) are notoriously ill-named, 
though it would naturally be supposed that they, of all collec- 
tions, would be above suspicion in that respect. 

My object being to speak of facilities for research rather 
than education or entertainment, I ought to pass by this part of 
the subject with a mere mention, but I can hardly dismiss it 
without comment. Where the only object is to supplement the 
facilities for undergraduate work, the scope of a garden can be 
very small or moderately large, according to the courses it is to 
help elucidate. It may be confined to what may be called a 
propagating bed for plants needed in quantity, either in season 
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or out of season, for class use, to an exemplification of the nat- 
ural affinities of plants, or to various other instructive synopses 
representing medicinal plants, fiber plants, forage plants, fruits, 
vegetables, timber trees, nut trees, shade trees, carnivorous 
plants, climbing plants, the sleep of plants, pollination, dis- 
semination, etc., or it may be devoted to several of these com- 
bined. If it is to be a pleasure-ground as well, not only 
should ' the art of the landscape architect be invoked in the 
arrangement of the plants, but it is necessary to add collections 
of decorative shrubbery and a large variety of purely orna- 
mental florists' forms of herbaceous plants. If research is 
added to its aims the collection must be further augmented by 
specially selected groups cultivated from time to time as needed 
for study. 

Unfortunately, few if any gardens are so richly endowed 
that they can cover, in a satisfactory manner, the entire field 
indicated, or even any large part of it. From what has been 
said of the peculiar difficulties pertaining to the maintenance 
of botanical gardens, it is evident that in no other line of facil- 
ities, whether for pure research or not, is a wise restriction 
so necessary as here. Once properly prepared, a species is 
represented in the herbarium on one or more sheets of paper 
safely and economically stowed away in a pigeon-hole ; but 
in the garden it is a constant source of care and expense as 
long as it lasts. Hence it is possible for one of the larger 
herbaria to contain representatives of more than half of the 
200,000 species, more or less, of phanerogams, and a con- 
siderable, if smaller, proportion of cryptogams, while it is 
absolutely impossible for anything like this number to be repre- 
sented in a living state in the best garden. No doubt the 
local requirements of every institution will do more to influ- 
ence the exact scope of its living collections than any theoret- 
ical considerations, but it is certain that in most cases the 
greatest usefulness combined with the minimum expenditure 
will be reached by adapting the synopses chosen to the chief 
aims of the institution, as closely as possible, and very rigidly 
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restricting the species cultivated to the smallest number capable 
of adequately expressing the facts to be shown. Perhaps it 
is safe to say that an institution able to maintain an herbarium 
of half a million specimens, representing one-fifth as many 
species, is doing exceedingly well if it has in cultivation at 
any one time 10,000 species of the higher plants, and there 
are very few gardens which actually grow half of this number, 
while no inconsiderable percentage of the plants cultivated are 
so deformed, distorted, dwarfed, and imperfect, as a general 
thing, that they can scarcely be said to represent the species 
whose name they bear, either in appearance or technical char- 
acters. 

This leads to the conclusion that not only class gardens but 
research gardens should be kept within reasonably narrow 
bounds, so far as permanent planting is concerned, while allow- 
ing sufficient elasticity for rapid and ample temporary expan- 
sion in certain directions along which work is planned. This 
does not necessarily mean that any considerable amount of land 
not used in the permanent plantation need be reserved for 
special expansion. As a rule the more important gardens are 
situated in or near large cities, and the high price of land alone 
would prevent such reservation in most instances ; but the 
impure atmosphere of many of the larger cities is a further and 
even stronger reason for selecting for any large experimental 
undertakings a suitably located and oriented tract of farming 
land easily rented for one or several years at a relatively low 
figure. 

Granting the wisdom of such temporary adjuncts to a 
research garden, a step further leads to a recognition of the 
possibility of securing the most varied climatic conditions by 
establishing branch gardens located where particular kinds of 
study can best be carried on. In no other way can gardens be 
made to contribute to the fullest extent to the study of marine 
or seaside plants, alpines, or the great class of succulents etc., 
characteristic of the arid regions of our southwestern states and 
territories, and in no other way, except in the field, can these 



204 BOTANICAL GAZETTE [September 

groups be studied satisfactorily, even from the standpoint of the 
classificatory botanist. 

Undoubtedly, too, the research institution of the future will 
count as a part of its legitimate equipment the provision, as 
needed, of very liberal opportunities for the staff to visit even 
distant regions for the study in their native homes of plants 
which cannot be cultivated even in special gardens in such a 
manner as to be fully representative. 

If the entire equipment here sketched in outline is not only 
appropriate, but essential, to the great centers of botanical investi- 
gation that are making their appearance as results of the special- 
ization and division of labor that are now manifesting themselves 
in the endowment of research, it by no means follows that every 
institution, even of this class, should try to develop from the 
start on all of the lines which, intertwined, compose the complex 
tissue of botany. With ample means, the ideal development is 
that which, from the beginning, recognizes all branches as of 
value, and classifies and develops them alike in proportion to 
their relative importance. But to secure the greatest return for 
the money expended, it is desirable to equip fairly well before 
increasing the force of salaried men much beyond what is needed 
for the care and arrangement of the material accumulating. This 
principle, if followed out, almost forces an over-development in 
the branches of special interest to the earlier employes — a 
departure from the ideal symmetry, which is sure to be justified 
by the performance of more work in these hypertrophied special- 
ties, with reference to the sum invested, than in other directions. 
From this may also be drawn the seemingly just inference that 
where the means are limited, it is far better to concentrate the 
entire equipment on the specialties of the persons who can use 
it, than to allow them to work at a disadvantage through an 
effort, however commendable it may at first appear, to secure a 
symmetrical equipment. 

With the evolution of centers of pure research will appear 
new problems. Just as the attendance of a large number of stu- 
dents in the botanical department of a college has heretofore 
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been found to justify the acquisition of facilities beyond the 
power of their immediate use, it will be found that where research 
institutions exist in close connection with a university of recog- 
nized standing, their equipment will be utilized more or less fully 
in postgraduate work done toward the acquisition of the doctor's 
degree, so that, like the undergraduate equipment, it will be more 
or less satisfactorily accounted for by the number of candidates 
for such degree; but with broadly grounded and well endowed 
research institutions not so situated, it is inevitable that as they 
take permanent form on the lines caculated to make them avail- 
able for advanced research in any line of botany, they will sooner 
or later come to represent a very large sum of invested money, 
of which only a part is usefully employed at any given time, the 
remainder being held as a necessary but temporarily unproduc- 
tive reserve. The same thing is seen, to a certain extent, in all 
large libraries and museums ; but, unlike the general library, of 
interest to the entire reading public, or the collection of histori- 
cal or political works, referred to by many people of ordinary 
intellectual attainments, the advanced equipment in botany, for 
the most part, is useful and interesting only to botanists, so that, 
while it may possess a passing interest for the general student, its 
serious use is limited to a very restricted class. How to increase 
this use to the maximum may well demand our best thought. 

No doubt, just as many colleges now offer scholarships, 
making their advantages available to men who otherwise could 
not enjoy them, and some of our universities offer fellowships, 
opening their own postgraduate courses or those of foreign 
universities to deserving students, the evolution of research 
institutions will witness some such provision for enabling students 
who have partially completed pieces of research work to visit 
and utilize these centers without encroaching too far on the 
limited savings from the small salaries which, as a rule, are drawn 
by the botanists of the country. After all, however, the great 
opportunity of attainment, for such institutions, whether or not 
connected with colleges or universities, lies in the performance 
of research work by their own employes ; and while, except in 
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the few instances already referred to, and notably in the national 
Department of Agriculture, today there is some hesitancy in rec- 
ognizing the employment of a staff of investigators as a legitimate 
part of the maintenance expense of an establishment which does 
not use a large part of their time in instruction or necessary 
curator's routine, it is quite certain that within a very few years 
opinion will have so changed that a considerable number of 
salaried positions for research work or applied botany will exist ; 
and as these positions will compete with the professorships in 
the best universities, it seems probable that the salaries pertaining 
to them will be approximately those paid at the larger colleges. 
In addition to bringing together facilities for research and 
rendering them easily accessible to competent investigators, and 
maintaining their own corps of workers, engaged in such studies, 
institutions of research have no small field of usefulness opened 
up as publishers of the results of the work they have promoted. 
I shall have occasion later to speak of the means of publication 
from the standpoint of the student who is seeking to bring out 
his work in the best form ; but it also demands consideration 
from the point of view of the institution. Much difficulty is 
experienced in looking up the literature of a subject because of 
the large number of journals, etc., in which references must be 
sought, and it is probable that at some time or other most workers 
have impatiently wished that publication could be confined to 
one or a few channels. Simple as this would render the bibliog- 
raphy of botany, it is obviously impossible; and the amount of 
work deserving or demanding publication is so great, and so 
rapidly increasing, as to leave no doubt that means of effecting 
the latter must be considerably augmented. To publish the 
results of good work well is no less commendable or helpful 
than to facilitate or perform such work. Nor is it less appro- 
priate to an institution such as I have in mind. The object of 
publication being the adequate preservation and diffusion of a 
record of the results of research, however, it is easily seen that 
harm may be done by injudicious or ill-considered publication. 
While a volume of homogeneous contents may be so published 
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almost anywhere as to accomplish its purpose, a serial publica- 
tion ought to be started only when there is reasonable probability 
that it will persist for a considerable length of time. Granting 
this probability, a research institution with adequate funds forms 
one of the most satisfactory and effective agencies of publica- 
tion, since it can place its proceedings or reports in all of the 
principal libraries of the world, a thing which the journals do 
not always accomplish ; and not only can it thus amplify its field 
legitimately, but almost of necessity it must assume the duty of 
publication if it is to accomplish the greatest results possible 
from its direct investigation. 

One has only to pass a short time in the library of one of 
the larger scientific institutions to be convinced that a great deal 
of activity is manifested in the botanical world. Each month 
and each week bring many additions to the literature of the 
science, and so numerous, varied, and widely scattered are these 
contributions, that one feels the greatest hesitancy in publishing 
on even the most restricted subject, lest others should have 
antedated his discoveries. Yet notwithstanding the variety 
and number of botanical publications, and the great progress 
which is undeniably made every year, it is a matter of frequent 
comment that the progress made is by no means so much 
greater than that of our predecessors as might be expected, con- 
sidering the greater advantages under which work is prosecuted 
today. While it must be borne in mind that the seizing of the 
general features of a landscape is far easier than the working 
out of its detailed topography, that the outlining of the field 
of botany or of its principal divisions could not fail to proceed 
more rapidly, even under unfavorable conditions, than the elab- 
oration of the details of the many specialties into which it is 
now broken up, so that less prompt and voluminous results are 
naturally to be expected now than a generation ago, there is 
reason to question whether the present returns cannot be 
increased. How to secure the greatest possible results from the 
large number of trained men holding or soon to hold salaried 
positions, and from the large equipment in laboratories, libra- 



208 BOTANICAL GAZETTE [September 

ries, herbaria and gardens, is a subject deserving of the most 
careful study, whether viewed from the standpoint of the 
endower or administrator of an institution of education or 
research, or from that of the botanist whose reputation is built 
up in the performance of the duties assigned to him in such an 
institution. 

While there is every reason to expect large returns from the 
endowment of such independent departments of research, free- 
dom from the duties of the class room, while leaving more time 
available for investigation, will not prove an unmixed blessing. 
I believe it to be the experience of the best investigators in this 
country that research is promoted by the necessity of imparting 
some or all of its results in the class room. In no other way, 
after specializing in the small field to which it seems necessary 
for most of us to confine ourselves, can one make sure of pre- 
serving the breadth of view needed for the investigation of even 
a limited specialty in the most successful manner. It must be 
admitted further that the power of application and concentra- 
tion varies with different men, so that up to a certain point the 
interruptions introduced by limited teaching or looking after 
collections in many cases may give fresh zest to the pursuit of 
knowledge in the time remaining for research. And it may be 
that at this very point lies the greatest difficulty to be met and 
surmounted in the development and management of research 
institutions. 

While there is no doubt that some supervision and pressure 
are conducive to the performance of the greatest possible 
amount of investigation, as of other work, since they insure con- 
sistent planning and close application, it cannot be overlooked 
that this is the extent to which scientific work can profitably be 
crowded. To require more of an investigator than that he shall 
be reasonably busy with thoughtfully planned study is and has 
always been antagonistic to the performance of his best work ; 
and the requirement of some institutions that a bulletin shall 
emanate from each department at stated intervals, while it 
insures quantity in publication, generally does so at the expense 



1896] BOTANICAL OPPORTUNITY 209 

of quality of attainment. As a rule, genius, which, left to itself, 
now and then leaps to the most unexpected accomplishments, is 
most effectively repressed by close supervision. It is tolerant 
of guidance but not of the goad ; and yet, on the whole, perhaps, 
both guided and driven, if this is done wisely, it accomplishes 
most, for in harness it becomes plodding research, which is dull, 
to be sure, but, if persevering, productive of cumulative results 
which become of incalculable importance. In fact, whether 
fortunately or unfortunately I shall not attempt to say, the world 
has come to recognize the slow but sure progress of research as 
in the main more desirable than the irregular and intermittent 
leaps of genius, though the two are closely akin, patient labor 
over endless facts, on the one hand, and broad observation and 
uritrammeled thought, on the other. 

If, everything considered, it is slow and persistent investiga- 
tion, rather than sudden inspiration, to which we must look for 
the accomplishment of the greatest collective results in botany, 
it is equally true that the individual student is more likely to 
build his reputation on the summation of the small accomplish- 
ments of many days of close application than to arrive at some 
great discovery by a leap ; and this quite aside from the fact 
that the latter result is entirely impossible to many a man who 
in the other way may still hope to be of great usefulness. It 
has been said that there is a tide in the affairs of men, which, 
taken at the flood, leads on to fortune, and no doubt what is 
true in the military, literary, and commercial world is equally 
true in the smaller realm of science. In fact, I fancy that each 
member of my audience has in mind some one preeminent occa- 
sion which may have looked small or large at the moment, but 
the seizing or neglect of which he now sees marked a turning in 
his scientific career. But, it will be seen, it is not of the one 
great opportunity that I would now speak. Improving it always 
has marked and always will mark the turning point of life, but 
unfortunately the bridge cannot be crossed before it is reached, 
and great as the value of a true and wise friend's counsel then 
is, it cannot be replaced by any generalities in advance ; there- 
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fore it is to the countless lesser opportunities, repeated with 
almost every day that dawns for us, that I turn, in the hope that 
something helpful may be said of them, and in the firm belief 
that in them lies the making of any intelligent and indefatigable 
young man. 

To the investigator breadth of foundation is even more 
necessary than to the institution founded for his use, for while 
the latter should endure for centuries, and may be remodeled 
and improved at any time, he is limited to a single lifetime and 
can rarely in mid life or later repair the deficiencies of ill advised 
or defective training. Not only should his powers of observa- 
tion be well developed, but he should be given more discipline 
in reasoning than is now customary, though the botanists of a 
generation ago counted among their number several men who 
are even more widely known as philosophers. 

Equipped for the work, and enabled to use the material facil- 
ities that have been brought together against the day of his need, 
much depends on the early and wise formulation of the investi- 
gator's plans. Except for the tasks set by a teacher and really 
long contemplated by him and carried out by his intelligence if 
through the eyes and hands of pupils, few pieces of valuable 
research are taken up on the spur of the moment, without pre- 
vious thought on the part of the investigator. They are usually 
the outgrowth of another, and turning and returning until it ulti- 
mately shapes into a definite plan. Simple as it may be in 
theory, few things are more difficult in practice than the forma- 
tion and inception in early life, inexperienced, and often without 
certainty of the power of continuance for any great length of 
time, of a plan for a single piece of research work worthy of the 
devotion of a lifetime ; and few and fortunate are the men, even 
among those who have outlined and entered upon such a task, 
who are not forced from the path by side issues, or whose lives 
are not unduly short. More commonly one must be content to 
choose several smaller subjects, for their own sakes somewhat 
closely related to one another, if possible, and to follow these up 
in succession. It is surprising how blind even the sharpest eyed 
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among us are to all that does not directly interest us, and it is 
an equal surprise to see how quickly one's eyes open to things 
which he has once begun to think of and look for. If for no 
other reason than this, I would again urge breadth of early train- 
ing, as- giving the first impulse to many a series of special 
observations to be followed up in later life. 

Once a subject is chosen, observations accumulate with sur- 
prising rapidity, and next to the selection of a subject nothing 
is so important as system in pursuing it. If we do not see it in 
ourselves, each one of us can see in others, a great waste of 
energy, resulting from shiftless and ill-considered methods of 
procedure, by which the mind is so distracted and the memory 
so overloaded with unessentials and dissociated fragments that 
those which belong together are not matched, nor the missing 
bits, in plain view, gathered. How often do we have to return 
time after time and review partial work that we have had to dis- 
miss temporarily from the mind, in which, meantime, has been 
lost the connection between the completed portion and the con- 
tinuation awaiting our leisure. A phenomenal memory may 
enable one to work in this disjointed fashion without the pro- 
duction of scrappy results or the review of all that has been 
done each time that the task is resumed ; but for those not so 
gifted, order and method are absolutely necessary, and next to the 
clear idea of the end aimed at I should place the immediate making 
of full and exact notes as their most essential part. Some years 
since I was privileged to assist Dr. Gray in collecting and repub- 
lishing the botanical writings of Dr. Engelmann, and it was a 
matter of surprise to us both, as it has been to others, to see how 
voluminous these were. Had Dr. Engelmann devoted his entire 
life to botany they would have been as creditable in quantity as 
in quality, but for the leisure hour productions of a busy pro- 
fessional man they were truly marvelous. Some years later, 
when, his herbarium and library having found a resting-place at 
the botanical garden in the development of which he had felt an 
interest for many years, it fell to my lot to arrange in form for 
permanent preservation Dr. Engelmann's manuscript notes, 
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sketches, etc., I was far more surprised at the extent of these 
than I had been on collecting his printed works, for when 
mounted and bound they form sixty large volumes. In addition 
to their intrinsic value, these are of more than usual interest as 
showing the methodical manner in which Dr. Engelmann worked. 
On his table seems to have been always a bundle of plants 
awaiting study. As each specimen was examined its salient 
features were noted and sketched on the back of the ever ready 
prescription blank. When interrupted, he laid his unfinished 
sketch away with the specimen, to resume his observation and 
complete his study at the first opportunity, without any doubt 
as to what had been seen in the first instance. And so from 
individual to variety, from variety to species, from species to 
genus, and from genus to family, his observations were preserved 
in memoranda that facilitated the resumption of interrupted 
work at any time and after any lapse of time. In no other way 
could the odd moments between the daily calls and occupations 
of a busy physician have contributed so much to botanical 
knowledge ; in no other way could his seemingly small oppor- 
tunity for investigation have been converted into a great one. 

Almost as important as the early selection of a worthy sub- 
ject for study and the adoption of a method insuring the pres- 
ervation and use of even the most trivial information bearing on 
it is the adoption of suitable library methods. The student 
whose specialty is small and little explored has mainly the task 
of observing and reasoning from the facts before him ; but in 
the departments that have long been the subject of study, while 
a part of the work is already done to his hand, and the prospect 
is that he can go much further than on entirely new ground, the 
task of ascertaining and profiting by what his predecessors have 
done is often a difficult one. Not infrequently the literature of 
a subject is so scattered as to make it next to impossible to pass 
it all in review, and at best the task of finding the fragments is 
one calling for a special faculty. One or more attempts have 
been made to form general bureaus of scientific information to 
which one need only turn if he would be possessed of references 
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to the principal literature of any subject in which he chanced to 
be interested. Perhaps as library facilities accumulate at the 
great centers of research, some method may be found of sup- 
plementing them with the skill of expert librarians who shall 
be able and willing to carry the contents of the library, at least 
in skeleton form, to those who cannot come to it ; but the time 
has hardly yet come when any American library is complete 
enough in all branches to offer this aid with a reasonable chance 
of doing what it promises, or so manned as to make such assist- 
ance possible except at the sacrifice of more valuable direct 
research. 

For the present, then, the investigator must be content to do 
his own delving into the literature of his predecessors. Fortu- 
nately, much of the earlier literature has been sought out by 
some of the writers on any branch that has been the subject of 
earlier study, so that, starting with a memoir of recent date, one 
is guided to others, each of which may bring further references, 
until, if he have access to the works, almost the entire earlier 
literature is unearthed. On the other hand, the most recent 
literature of a subject is always the most difficult to find and 
use. After a study has been gotten well under way, so that the 
student is keenly alert to every observation or published item in 
any way bearing on it, if he have access to a library receiving 
the principal current journals he is not likely to overlook any 
important publication on his specialty which then appears. As 
a rule, all of the larger papers, at least, are noticed in Just's 
Jahresbericht, generally not more than a year later than that for 
which the volume purports to be compiled ; but as the Jahres- 
bericht is always some three years in arrears it is difficult to pre- 
vent notes extending over a period of this duration from being 
defective, at least for the earlier part of the time, and there is 
at present no means of removing this difficulty, though the plan 
proposed to zoologists a year ago, and, I suppose, tested during 
the present season, if successful would be equally applicable to 
botany. 

So far as the final result is concerned, perhaps the manner in 
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which one's work is published is almost as important as the 
subject selected or the method adopted for its investigation. 
Alphonse de Candolle, in one of the most helpful treatises ever 
published in the hope of rendering botanical work methodical 
and productive, 2 lays a great deal of stress on the early selection 
of a form of publication for the results of each important study. 
This done, the work continually shapes itself to this end. Fre- 
quently there is much difficulty in securing the publication of a 
monograph or memoir in precisely the form and place desired 
by the author, but there is seldom an insuperable obstacle in the 
way of publishing any really meritorious work in about the man- 
ner wished, provided it is suitably prepared. 

In general, it is desirable that works of a given class 
should be so published that in seeking one a reader is likely to 
learn of another. This appears less important for books than 
for shorter papers, since the arrangement of independently issued 
volumes in a library, and the fact that they are catalogued by 
authors, render it relatively easy to learn of and have access to 
them ; but even here one finds no little convenience in the 
recognition that a book by a given author on a given subject is 
quite likely to be listed in the catalogue of a certain publishing 
house. Smaller papers, which are usually published in the pro- 
ceedings of some society, or in a scientific journal, may almost be 
said to be made or ruined by the place selected for their publica- 
tion. Probably as library facilities increase and are more thor- 
oughly classified and subject-indexed, this will become less true 
than it now is, though the underlying reason for it will remain. 
Usually a reader turns to the popular journals only when looking 
for popularized science, and is not likely to seek the original results 
of research there, so that such papers are nearly or quite lost for a 
long time if published in these journals. Except where they are 
chiefly devoted to digests and abstracts, few nominally general 
journals now exist which do not lean so strongly toward a 
specialty that one unconsciously classes them with it, notwith- 

*La Phytographie, ou l'art decrire les vegetaux considered sous differents points 
de vue. Paris, 1880. 
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standing the extraneous matter that they contain. While noth- 
ing once published is ever absolutely lost, all of this extraneous 
matter is likely to be overlooked by the persons most interested 
in the subjects considered. No small part of the present con- 
fusion and strife in botanical nomenclature arises from the com- 
paratively recent unearthing of descriptions and names of plants 
published in such improbable or inaccessible places as to have 
escaped the attention of those whom they might have helped 
most, to be brought to light at a later date as great mischief 
makers. From now on, then, it may be concluded that a decreas- 
ing number of special papers are likely to be published in gen- 
eral journals, which will become more and more popular or 
bibliographic in their nature, with the exception that the neces- 
sarily slow differentiation of learned societies into special sec- 
tions will for a long time cause the proceedings of many of the 
older to continue of the most miscellaneous character. Where 
papers are lengthy, though not adapted to publication in book 
form, such proceedings virtually offer the only means of print- 
ing them, and, except by the comparatively few botanists who 
enjoy the privilege of membership in purely botanical societies 
with publishing facilities, they must be accepted for the present, 
notwithstanding the attendant disadvantages. Shorter papers, 
however, can usually find room in the journals, and except in 
cases where they possess a temporary and exceptional value for 
the columns of a popular or general journal, or one devoted to 
another subject to which in some manner they are relevant, they 
are best published in a periodical exclusively devoted to botany, 
and, in most cases, in one devoted as closely as may be to their 
particular branch of botany, provided it have a fair general cir- 
culation and, especially, provided it reach the principal botanical 
libraries. 

Especially in the earlier years of their work, writers are 
sometimes given to distributing their papers among a number of 
journals. Except for the purpose of specialization just referred 
to, this is usually a mistake. Knowledge that a certain student 
has published on a given subject is often first obtained through 
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incidental reference, lacking every element of precision. The 
probability that all of his writings are to be found in one or a 
few journals, or series of proceedings, greatly simplifies the com- 
pletion and use of such references, since the Royal Society's 
Catalogue, though perhaps more complete as to titles, is neces- 
sarily even farther behind than the Jahresbericht. Where the 
subject of an earlier paper is again passed in review by the 
author, only the gravest necessity should lead to the selection of 
a new medium for the publication of the later paper. 

Whether the medium of publication selected or accepted be 
a journal or the proceedings of a society, the possibility of hav- 
ing separates struck off for the mere cost of press work, paper, 
and stitching, makes it possible for almost any paper to appear 
as an independent pamphlet, accredited, to be sure, to the journal 
from which it is an excerpt, but a book, necessitating author's 
citation in catalogues, and admitting of more ready arrangement 
in its proper place where the works of a library are disposed on 
the shelves according to subject. The time was when a pam- 
phlet was considered of little value and quite certain not to be 
preserved, but one of the characteristics of the modern librarian 
is a great and growing appreciation of the value of this class of 
works, leading to their careful preservation. 

No small part of the volume of M. de Candolle, already 
referred to, is devoted to very explicit and well considered direc- 
tions for preparing the record of one's observations for the 
press ; and the general conclusion is reached, after a careful 
analysis of the subject, that the maximum value of any manu- 
script exists at the exact moment of its completion, indicating 
this as the most suitable time for its publication. Though it is 
probable that the publishing of any important work should not 
be unnecessarily delayed after it has been pushed to what the 
author considers completion, at least so far as he can carry it, 
there may be reasons in some cases for publishing a prelim- 
inary statement considerably in advance of the completion of 
the work. Neglecting the publication of an early abstract of 
unfinished work as a means of securing priority, too often a 
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purely personal matter, I may say that such abstracts, coupled 
with a request for material or data, not infrequently bring to the 
advanced student the means of greatly increasing the complete- 
ness and value of his work. 

Time does not permit me to go into a detailed analysis of 
the many ways in which an investigator may use his time so as 
to make it productive of important results for himself and others. 
Having passed in somewhat comprehensive though hasty review 
the main factors in the question, I desire in closing to repeat 
that for most of us opportunity of life does not lie in a great 
and abrupt change of condition, but that it is composed of count- 
less minor chances which are great only when viewed collectively. 
To see and use them calls for alert senses, a knowledge and use 
of the means of ascertaining what has already been done, and, 
by exclusion, something of what remains to be done, facilities 
adequate to the task in each case, and indomitable perseverance 
and ceaseless activity. Great as the value of facilities is, they 
are merely means to an end. They accomplish nothing them- 
selves. Hence though it is certain that the most voluminous 
and, perhaps, the most comprehensive results, and those result- 
ing from the performance of coherent experiments extending 
through a long series of years, will come from the great centers 
of research, there is no reason why qualitative results equal to 
the best may not continue to come, as they have in the past, 
from isolated workers, to the rounding out and completion of 
whose studies the facilities of the larger institutions will be more 
and more applicable as the problems of equipment are worked 
out. 

Missouri Botanical Garden. 



